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A  sample  of  120  live  and  147  dead  lodgepole  pine  <£KjTftus  -< 
contorta  Dougl.)   trees  was  selected  in  southwestern  Wy^suffltg- to 
represent  stands  many  timber  managers  and  mill  operators'  are 
processing.     The  trees  were  processed  through  a  conventional 
circular  headsaw  sawmill  to  determine  lumber  yield  and  relative 
differences  in  product  recovery.     Of  the  total  lumber  volume  for 
all  live  trees  in  the  sample,   47  percent  was  graded  Standard  and 
Better,   17  percent  Utility,  and  8  percent  Economy;  for  the  dead 
trees,  only  24  percent  was  graded  Standard  and  Better,  whereas 
37  percent  was  graded  Utility  and  13  percent  Economy.     Based  on 
the  gross  cubic  volume  of  the  log,   the  average  cubic  volume  of 
lumber  recovered  was  nearly  the  same  for  both  live  and  dead 
trees — 32  and  31  percent,  respectively. 

KEYWORDS:     Lumber  recovery,  lumber  yield,  dead  timber,  lodgepole 
pine,  Pinus  contorta,  Wyoming. 
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INTRODUCTION 


The  States  of  Utah  and  Wyoming  contain  an  estimated  8-1/2  billion 
board  feet  (International  1/4-inch  log  rule)   of  commercial  lodgepole  pine 
(Pinus  contorta  Dougl.)   sawtimber.     Many  stands  include  overmature  and 
decadent  trees,  as  well  as  dead  trees;  and  many  stands  are  overstocked. 
These  stands  present  difficult  problems  to  timber  managers  and  timber 
buyers. 

Many  small  mills  in  the  Intermountain  Region  depend  on  lodgepole  pine 
for  a  large  proportion  of  their  annual  lumber  production.  With  today's 
emphasis  on  environmental  concerns  and  the  Nation's  increasing  need  for 
lumber,  the  vast  volume  of  dead  timber  in  these  stands  can  no  longer  be 
ignored.  Managers,  buyers,  and  sellers  of  timber  need  reliable  product 
recovery  information  to  make  sound  evaluations  in  harvesting  dead 
sawtimber . 

Lack  of  information  about  this  resource  prompted  a  cooperative  study 
between  the  Pacific  Northwest  Forest  and  Range  Experiment  Station,  the 
Intermountain  Region  (R-4)   of  the  National  Forest  System,  and  the  Kamas 
Valley  Lumber  Company.     The  purpose  of  the  study  was  to  estimate  the 
amount  of  lumber  from  a  typical  stand  of  live  and  dead  lodgepole  pine  and 
to  compare  product  recovery  of  live  and  dead  trees. 

METHODS 

From  a  10-acre  area  in  Wyoming,  120  live  and  147  dead  trees  were  se- 
lected.    About  55  percent  of  the  trees  were  dead,  probably  since  before 
1960.     Down  trees  were  not  included  in  the  sample.     The  area  was  clearcut 
in  1976,  and  tree-length  logs  were  skidded  to  the  landing.     At  the 
landing,  tops  were  bucked  to  a  diameter  of  4.5  to  5.0  inches,  and  broken 
tops  and  forks  were  cut  off.     This  resulted  in  some  larger  top  diameters. 
A  sample  of  the  tree  length  from  the  bucking  point  to  the  top  was  taken 
for  each  d.b.h.    (diameter  at  breast  height)   class  as  the  trees  were 
yarded.     An  average  length  was  later  applied  to  the  bucked  trees  for  an 
estimate  of  total  height. 

All  the  trees  were  trucked  to  the  millyard,  and  the  sample  to  be  pro- 
cessed was  selected.     A  card  with  a  number  identified  each  sample  tree. 
The  intent  was  to  select  20  dead  and  20  live  trees  by  1-inch  d.b.h. 
classes.     This  was  easily  accomplished  in  the  smaller  classes,  but  at  the 
upper  limits  of  the  stand  size  it  was  more  difficult.     Therefore,  the 
sample  above  13-inch  d.b.h.  contains  fewer  than  20  trees  per  class  since 
the  stand  did  not  contain  many  trees  above  that  diameter. 

Diameter  and  length  of  each  log  were  measured  so  that  both  Scribner 
volume  and  cubic-foot  volume  could  be  calculated.     Scribner  scale  was 
determined  on  the  long  logs   (both  live  and  dead)   according  to  Forest 
Service  Scaling  Handbook  rules.     The  dead  logs  were  also  scaled  by  de- 
ducting only  soft  rots,  voids,  and  chars,  and  the  reasons  shown.  The 
gross  cubic  volume  of  the  log  was  calculated  by  Smalian's  formula, 
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(0.002727)  L(d2+d2); 

S  L 


where : 

L    =  log  length  in  feet, 

DS  =  diameter  of  the  small  end  of  the  log  in  inches,  and 
Dl  =  diameter  of  the  large  end  of  the  log  in  inches. 

With  these  log  volume  calculations  and  the  lumber  tally  volumes,  the 
lumber  recovery  ratio  (total  lumber  tally/net  log  scale)   and  the  lumber 
recovery  factor   (LRF)l  for  logs  and  trees  could  be  calculated. 

Various  curve  forms  using  transformations  of  diameter  correlated  with 
cubic  recovery  percent  were  tested.     The  curve  form  selected  was: 

Cubic  recovery  percent  =  b0+b1D+b2 ( 1/D) +b3 ( 1/D2 ) ; 

where  bQ...b3  are  the  regression  coefficients,   and  D  is  the  small  end 
diameter  of  the  log  in  inches. 

The  model  chosen  was  based  on  the  coefficient  of  determination  and  the 
standard  deviation  from  regression,  with  the  restriction  that  the  same 
model  be  used  for  both  live  and  dead  logs. 

Lumber  Manufacturing 

Equipment  for  processing  lumber  in  the  sawmill  included  a  circular 
headsaw,  two-saw  scragg,  double  arbor  edger,  and  trim  saws.     This  equip- 
ment and  the  sawing,  drying,  and  surfacing  practices  were  representative 
for  mills  in  the  area.     Identity  of  each  log  was  maintained  throughout 
the  manufacturing  process  so  that  each  piece  of  lumber  tallied  could  be 
related  back  to  the  log  from  which  it  was  derived.     The  lumber  was  tallied 
by  its  shipping  dimension  and  grade.     All  lumber  was  graded  under  the 
supervision  of  a  Western  Wood  Products  Association  grading  inspector. 


LRF  =  lumber  recovery  in  board  feet/gross  cubic  log  volume. 
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RESULTS  AND  DISCUSSION 


Lumber  recovery  is  presented  by  log  scaling  diameter  in  tables  1  and 
2  for  the  woods-length,   live  and  dead  logs,   and  in  tables  3  and  4  by 
d.b.h.  class  for  live  and  dead  trees.     When  scaled  by  current  USDA  Forest 
Service  methods,  net  scale  of  logs  from  dead  trees  was  17  percent  of  the 
gross  scale   (table  2) ;  when  sawn,  the  average  cubic  volume  of  lumber 
recovered  was  32  percent  for  live  logs  and  31  percent  for  dead.  The 
average  cubic  volume  lumber  recovery  ratio  for  the  dead  logs  and  trees 
was  only  1  percent  less  than  that  for'  the  live.     This  ratio  was  cal- 
culated by  dividing  the  sum  of  the  cubic  volumes  of  lumber  by  the  sum  of 
the  cubic  volumes  of  logs.     Figure  1  shows  curves  of  the  cubic  volume 
recovery  ratio  over  diameter  for  live  and  dead  logs. 


Table  1 — Log  scale,  lumber  recovery,  and  cubic  volume 
by  scaling  diameter  for  live  lodgepole  pine  logs 


Log  scale  Lumber  tally  Cubic  volume 

Log  Number  

scaling  of 

diameter        logs  Lumber 


Gross 

Net 

Volume 

Recovery 
ratio 

Log 

Lumber 

recovery 
ratiol/ 

Sawdust 

Residue 

Inches 

Board  feet 

Percent 

-  Cubic 

feet  - 

Percent 

-  -  Cubic 

feet  

4 

14 

360 

350 

636 

179 

120. 

49 

34.36 

29 

10.43 

75.50 

5 

38 

1,  310 

1,170 

2,267 

194 

421. 

55 

125. 67 

30 

34.04 

261.84 

6 

53 

2,960 

2,730 

4,636 

170 

832. 

61 

260.32 

31 

66.40 

505.89 

7 

8 

650 

590 

957 

162 

160. 

80 

53.95 

34 

12.93 

93.92 

8 

5 

440 

430 

783 

182 

118. 

71 

44.52 

38 

10.67 

63.52 

9 

5 

390 

370 

571 

154 

89. 

06 

32.27 

36 

7.36 

49.43 

10 

11 
12 

1 

120 

50 

119 

238 

20. 

04 

6.77 

33 

1.67 

11.96 

Total  or 

average  124       6,230       5,690        9,959  175      1,763.62     557.86  32  143.50  1,062.26 


I/Ba  sed  on  gross  cubic-foot  volume  of  the  log. 
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Figure  1. --Recovery  of  cubic  volume  curved  over  diameter  for  live  and 
dead  lodgepole  pine  logs. 


Apparently,  defect  deductions  for  checks  under  the  scaling  rules  do 
not  adequately  reflect  the  potential  for  recovery  of  lumber  from  dead 
timber.     The  reduction  in  lumber  volume  was  much  less  than  land  managers 
and  operators  might  expect.     I  think  one  reason  the  percentage  of  the 
lumber  recovered  from  live  and  dead  logs  was  so  similar  at  a  mill  pro- 
ducing 4/4  and  8/4  lumber  is  that  lumber  no  wider  than  8  inches  was 
produced.     Another  factor  may  be  that  the  amount  of  spiral  checking  in 
these  logs  was  less  severe  than  in  some  stands  of  lodgepole  pine.  These 
factors  would  contribute  to  maximizing  recovery  from  these  logs. 

Both  the  actual  net  volume  and  the  net  volume  with  deductions  for  soft 
rots,  voids,  and  chars  are  shown  for  the  dead  logs  in  table  2.     The  cor- 
responding recovery  ratios  for  the  two  net  volumes  show  that  when  the 
deductions  for  rots,  voids,   and  chars  are  made,   the  recovery  ratio  is 
only  slightly  less  than  that  for  the  live  logs.     For  instance,   table  2 
shows  an  average  recovery  ratio  of  156  when  dead  logs  are  scaled  with 
deductions  only  for  soft  rots,  voids,  and  chars  compared  with  175  for 
live  logs   (table  1)    scaled  by  conventional  methods.     A  similar  relation- 
ship can  be  seen  for  the  trees.     Some  recovery  ratios  exceed  1,000 
percent  when  scaled  by  conventional  methods.     Such  values  are  not  valid 
functions  of  potential  recovery  from  dead  timber;   I  have  shown  them  to 
stress  the  defect  deduction  method  used  on  dead  timber. 

The  cubic  volumes  of  lumber  shown  in  the  tables  are  based  on  actual 
dimensions  of  the  surfaced,  dry  lumber  taken  from  the  planer  settings. 
Cubic  volumes  of  sawdust  were  calculated  from  an  average  saw  kerf  of 
0.25  inch  and  the  computed  surface  area  of  the  surfaced  dry  lumber;  there- 
fore, the  volume  of  sawdust  is  conservative.     Volume  of  residue  was  cal- 
culated by  subtracting  the  volumes  of  lumber  and  sawdust  from  the  gross 
cubic  volume  of  the  log.     It  then  included  the  volume  attributed  to 
shrinkage  and  planer  shavings  plus  a  small  amount  of  sawdust  produced 
from  slabs,  edging,  and  trim  ends. 
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This  study  produced  79-percent  dimension  lumber,  all  2x4,   2x6,  or 
2x8;   the  other  21  percent  was  1-inch  lumber  not  over  8  inches  wide. 
Tables  5  and  6  show  lumber  grade  recovery  as  a  percentage  of  lumber  tally 
volume  by  1-inch  diameter  classes  for  the  live  and  dead  logs;  similar 
data  are  shown  for  live  and  dead  trees  in  tables  7  and  8. 

The  average  LRF,  based  on  the  surfaced  dry  lumber  tally,  for  this 
study  was  5.64  for  the  live  logs  and  5.57  for  the  dead.  This  is  con- 
sistent with  cubic-volume  recovery  percents  for  the  live  and  dead  logs. 

Even  though  the  cubic  recovery  ratios  for  the  live  and  dead  logs  and 
trees  are  nearly  alike,  the  differences  in  recovery  by  lumber  grade  are 
important,  particularly  in  the  dimension  grades  because  of  the  loss  in 
value  from  deterioration  of  the  dead  timber.     The  live  logs  and  trees 
produced  47  percent  of  the  total  lumber  tally  volume  as  Standard  and 
Better  grade  lumber,  whereas  only  24  percent  of  the  lumber  was  graded 
Standard  and  Better  for  the  dead  logs  and  trees.     The  major  reason  for 
the  difference  is  that  the  checking  inherent  in  the  dead  material  resulted 
in  more  Utility  or  No.   3  and  Economy  grade  lumber;  17  percent  of  the  re- 
covered volume  from  live  logs  and  trees  was  Utility  or  No.  3  and  8  percent 
Economy;  the  yield  for  dead  logs  and  trees  was  37  percent  Utility  or  No.  3 
and  13  percent  Economy.     Yield  in  stud  grades  was  6  percent  for  the  live 
logs  and  trees  and  5  percent  for  the  dead.     These  relationships  are  de- 
picted by  diameter  class  in  the  histograms  in  figures  2  and  3. 
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Stud  &  Economy  Stud 
Economy 
Utility  or  No.  3 
Std.  &  No.  2  or  Better 
.Commons  &  Mldg. 


LOG  DIAMETER  (inches) 

Figure  2. — Percent  lumber  grade  recovery  by  diameter  class  for  live  and 
dead  lodgepole  pine  logs  in  Wyoming. 


Stud 


Better 


7  8  9  10  11  12  13  14 

TREE  DIAMETER  (inches) 


Figure  3. --Percent  lumber  grade  recovery  by  diameter  class  for  live  and 
dead  lodgepole  pine  trees  in  Wyoming. 
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SUMMARY 

Standing  dead  lodgepole  pine  presents  an  opportunity  for  utilization 
of  a  resource  that  can  extend  the  Nation's  timber  supply,  but  there  are 
potential  problems  because  of  defect,  small  timber,  and  reduced  grade 
yields.     In  this  study,  nearly  the  same  amount  of  lumber  was  recovered 
from  dead  material    as    from  live  material,  but  the  dead  material  showed  a 
marked  reduction  in  grade  recovery  compared  with  the  live.     The  amount  of 
checking  present  in  the  logs  was  the  primary  reason  for  the  lower  grade 
of  dead  logs. 
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Metric  Equivalents 

1  inch  =  2.54  centimeters 
1  cubic  foot  =  0.028  3  cubic  meter 
1  acre  =  0.404  7  hectare 
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The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture  is  dedicated 
to  the  principle  of  multiple  use  management  of  the  Nation's  forest  resources 
for  sustained  yields  of  wood,  water,  forage,  wildlife,  and  recreation. 
Through  forestry  research,  cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater  service  to 
a  growing  Nation. 
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The  U.S.  Department  of  Agriculture  is  an  Equal  Opportunity  Employer. 
Applicants  for  all  Department  programs  will  be  given  equal  consideration 
without  regard  to  age,  race,  color,  sex,  religion,  or  national  origin. 


